In this paper, we describe our research activities for integrating the recommendation process of nearby points of artistic and cultural interest (POIs) with related multimedia content. The recommendation engine exploits the potential offered by linked open data (LOD), by following semantic links in the LOD graph to identify movies, books, and music artists/songs related to that specific POI. This content is subsequently reranked based on the activity of the user and her friends on social media (i.e., Facebook), in order to provide personalized suggestions.
INTRODUCTION
Let us consider the following scenario. Alice was born and lives in New York, has one or more accounts on social media, and loves to travel. She likes monuments, dramatic movies, pop music, and classic novels. During one of her travels, Alice goes to Rome. She may like that, while visiting Rome downtown, a location-based system (LBS) may recommend nearby points of interest (POIs) in line with her interests and preferences. For example, the system might suggest her to visit the Colosseum. The LBS might also suggest her to watch a movie, or a clip of it, (e.g., "La Dolce Vita" by Federico Fellini), to listen to a song (e.g., "Everyday" by Bon Jovi), to read the synopsis of a book (e.g., "Daisy Miller" by Henry James), all of them somehow connected to the monument. Alice could also decide to purchase those resources later.
Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for components of this work owned by others than ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or republish, to post on servers or to redistribute to lists, requires prior specific permission and/or a fee. Request permissions from permissions@acm.org. In our previous work, we have proposed recommender systems (RSs) of POIs [8, 21] and itineraries among them [7, 22] , which take into account the activities of the user and her friends on social media. Those RSs rely on linked open data (LOD) [4] to provide the active user with personalized and context-aware recommendations. The experimental results obtained by performing user studies have shown significant benefits not only in terms of classic metrics, such as normalized discounted cumulative gain (nDCG) [14] and precision, but also beyond-accuracy metrics such as novelty, serendipity, and diversity. In the system presented in [11, 12] , we have integrated the recommendation of itineraries among POIs with multimedia content too. This integration takes place based on the semantic links in the LOD graph between the specific POI and books, movies, and music artists/songs. However, such a process is not personalized. In other terms, the system is not able to take into account the active user's interests and preferences. In this paper, we take a further step, involving the user profile in the recommendation process of multimedia content related to the suggested POIs.
RELATED WORK
The research literature is rich in contributions related to the recommendation of points of interest (see, for example, [3, 23] ). As far as we know, however, few of them provide the target user not only with specific POIs, but also with multimedia content related to them. In [10] , the authors propose a digital storytelling approach to the design and realization of a social and mobile application aimed at assisting users in the discovery and enjoyment of cultural heritage (CH) POIs. The system is not personalized, but supplies anyone with a wide variety of digital stories related to the different aspects of the specific point of interest, in order to satisfy the largest possible number of users. Similar to our approach, this system analyzes the social media activity of the target user and the components of her social graph. In this case, however, the purpose is different. While we exploit the user-generated content to derive her interests, in this case the system combines the stories extracted from social media with those shared on a dedicated CH platform. Liu et al. [16] propose an approach to the research of areas of interest (AoIs) based on the analysis of check-ins and geotagged images. In this way, the authors are able to identify the preferences of residents and travelers in terms of AoIs in the cities. An approach more similar to ours is introduced in [2] , where the authors propose a contextaware multimedia recommender system, where "context" means not only location and weather conditions, but also user's interests and preferences. In this way, the system is able to deliver a cultural environment that supports intelligent multimedia services (e.g., a multimedia touristic guide) useful for the users. Similarly to our system, the aim is to enhance the experience of the user visiting a site with multimedia material (e.g., pictures, descriptions, and videos). Contrary to it, however, the system proposed in [2] does not exploit social and linked open data. Figure 1 illustrates the overall architecture of the system, which consists of the following modules:
SYSTEM ARCHITECTURE
• user profile construction and update;
• POI extraction from LOD;
• POI recommendation;
• multimedia content recommendation;
• system output evaluation.
User profile construction and update. The user profile construction occurs as follows. Each user is represented through a vector, whose components correspond to ten categories used to classify POIs, such as Arts, Church, and History&Monuments. The value of each component ranges from 0 to 1 and is normalized (i.e., each component is divided by the sum of all the components). In this way, we obtain a vector of real values between 0 and 1, whose sum is equal to 1. The higher value of the component, the higher user's interest in the corresponding POI category. The construction of the user profile relies on the following data:
• demographic data provided by the user during the registration process;
• social media footprints (i.e., the activity on social media performed by the user and her friends); • user's interests and preferences. The latter are inferred by asking the user to select some images representing the POI categories of her interest. The images in the form shown to the user are extracted from the Flickr 1 image sharing website based on the tags assigned by users, choosing those most tagged and with the highest agreement in terms of tags assigned by all the users. Each click on an image is equivalent to a preference expressed for the POI category it represents. The user profile update happens based on check-ins made by her during the system operation. One check-in in a POI contributes as one click on an image representing the category of that POI.
POI extraction from LOD. POI extraction takes place by submitting SPARQL queries to the LOD endpoints for retrieving all the POIs geolocated near the user's current position. The recovered data is then processed by converting the rdf:type property from the LOD source ontology to the POI category used by the system. POI recommendation. POI recommendation occurs using the wellknown Word2Vec [17] algorithm, which leverages neural networks to represent entities in a vector space. The output is a multidimensional array able to map each dictionary term to a vector in a vector space. Concretely, the dbo:abstract property associated with the POI extracted from LOD is given in input to the Doc2Vec [15] algorithm, an extension of Word2Vec applied to documents instead of words. After that, the resulting vector is compared with the vector representing the user profile and the POI with the highest similarity value is recommended to the user.
Multimedia content recommendation. Once POIs to be recommended have been identified, the system provides the target user with multimedia content related to them. The recommendation process takes place by exploiting semantic links in the LOD graph in order to retrieve books, movies, and music artists/songs, all of them related to the suggested POI. This operation is performed using the semantic similarity measure known as combined distance [19] . Once this operation has been completed, the system returns a list of candidate content, which is not yet personalized. The goal of this work is precisely to personalize the multimedia content recommended to the active user. This operation is represented by the dashed line shown in Figure 1 , which connects the user profile with the multimedia content related to the specific POI. In order to provide a personalized recommendation, the system operates as follows. Each user's like, for example to a movie, is associated with the corresponding DBpedia 2 entity (see Fig. 2 ). The dbo:abstract property associated with it is given in input to the aforementioned Doc2vec algorithm that returns a vector. The list of movies related to that POI and obtained as above is then reranked based on such a value. In this way, the movie most consistent with the user's interests and preferences among the ones correlated with the POI is recommended to the user. To address the cold-start problem [20] that occurs if the user does not have a sufficient number of likes, during the registration phase she is required to click on a series of images related to movies belonging to different categories. System output evaluation. Once the POI and the related multimedia content are suggested to the user, the system will ask her for a subjective evaluation. The evaluation strategy that we plan for our system is through user studies. Concretely, the system will require volunteer testers to login via a social media (e.g., Facebook) for retrieving her and her friends' activity on it. If the user accesses the system for the first time, she will be asked for her demographic data and forms with images related to different POI categories will be shown to her. The system will thus be able to build a first user profile. Then, the user will also be able to click on forms with images of different categories of multimedia content. The likes made by the user to multimedia material (e.g., a book or a movie) will enable the system to build a more accurate user profile. The user will have to select her position on a map in a graphical interface and also the width of the search area. Then, the system will provide her with a list of POIs with associated multimedia content. Each list will be given by a different recommendation technique. This will allow us to perform a comparative evaluation among our system and other approaches proposed in the literature. Obviously, the tester will be completely unaware of the source of the different recommendation lists in order to avoid any possible bias. Eventually, the user will be able to express her rating for each couple POI-multimedia content according to a five-point Likert scale. The experimental results will also be subjected to proper statistical tests to verify their significance.
CONCLUSIONS
In our previous work, we have proposed RSs of cultural heritage points of interest, accompanied by related multimedia content. In this article, we describe our current research efforts for personalizing the recommendation of multimedia content as well. In this way, we hope to make CH experiences more and more satisfying.
Among the possible future works, we plan to perform not only the integration of suggested POIs with multimedia content related to them. Indeed, we intend to increase the accuracy of the recommender system, namely, to provide the target user with suggestions of POIs and related content increasingly in line with her interests and preferences. To this aim, we would also like to take into account her affective state [5, 18] , as well as, temporal dynamics [1, 6] and real attitudes [9, 13] of her interests.
